Store-operated Ca 2+ entry (SOCE) has recently been proposed to contribute to Ca 2+ influx in vascular smooth muscle cells (VSMCs). Adenosine is known for its protective role against hypoxia and ischemia by increasing nutrient and oxygen supply through vasodilation. This study was designed to examine the hypothesis that SOCE have a functional role in adenosine-induced vasodilation. Small mesenteric resistance arteries and mesenteric VSMCs were obtained from rats. Isometric tensions of isolated artery rings were measured by a sensitive myograph system. Laser scanning confocal microscopy was used to determine the intracellular Ca receptors.
INTRODUCTION
In non-excitable cells, the release of Ca 2+ from intracellular stores is often followed by a sustained phase of Ca 2+ entry from the extracellular space. The activation of Ca 2+ entry dependent on, and subsequent to the depletion of intracellular Ca 2+ stores, was originally termed "capacitative Ca 2+ entry". Today, it is most often referred to as store-operated Ca 2+ entry (SOCE) (27, 30 (4, 28, 41) . It is clear that the signal for activation of SOCCs is generated by the depleted store itself. Recently, two essential proteins, STIM1 and
Orai1 were identified to be essential for activation of SOCCs (8, 20, 29) . There is accumulating evidence suggesting that canonical transient receptor potential (TRPC) proteins are important components of SOCCs (21, 40 ). An antibody against TRPC5
protein inhibits Ca 2+ influx via SOCCs, providing direct evidence that SOCCs play a functional role in VSMCs (37). However, considerably less is known about the physiological properties of SOCCs in smooth muscle cells from arterioles and small resistance arteries. Many of these arteries, such as the mesenteric artery, are critically involved in regulating local blood flow and blood pressure.
Adenosine produces potent vasodilatory effects in the majority of vasculatures, 4 including the mesenteric arteries. Despite a growing understanding of the mechanisms by which adenosine is formed in the vasculature, the precise molecular mechanisms through which adenosine relaxes vascular smooth muscle are not fully understood.
Cytoplasmic Ca 2+ is a primary determinant of vascular smooth muscle contraction.
There is now considerable evidence supporting the ability of adenosine to interfere with Ca 2+ mobilization in several kinds of cells, including VSMCs (12, 26) . However, there is a paucity of information that relates the [Ca 2+ ] i regulating capacity of adenosine to its vasodilatory effect. We assessed the hypothesis that functional modulation of SOCE by adenosine contributes to regulation of adenosine-induced vasodilatation in isolated mesenteric artery. Isometric tension measurement. Isometric tension was measured as previously described (36). Briefly, the artery rings (internal diameter approximately 150 µm)
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were mounted in a Multi Myograph System (Danish Myo Technology A/S, Aarhus, Denmark), and changes in isometric tension were continually recorded. Two tungsten wires were passed through the lumen of the ring. One of the wires was fixed to a micrometer for length adjustments, and the other was connected to a force transducer for isometric force measurements. Each ring was bathed in an organ chamber containing Krebs solution, maintained at 37°C, and continuously bubbled with 95% O 2 plus 5% CO 2 (pH 7.4). After mounting with a previously determined optimal resting tension of 4 mN for 60 min, each ring was first contracted by 10 µM phenylephrine (PE) and subsequently challenged with 1 µM acetylcholine to confirm the vessel's contractility and the integrity of its endothelium. Then the rings were washed to restore tension to baseline level and allowed to stabilize for 60 min.
Cell culture. Mesenteric VSMCs were prepared using a modified version of previously described procedures (16) . After removing the endothelium, small (1 cm 2 )
6 mesenteric artery segments (internal diameter, ~150 µm) were incubated in Ca
2+
-free
Krebs solution containing 1 mg/ml papain, 1 mg/ml bovine serum albumin, and 1 mg/ml dithioerythritol at 37°C for 4-6 min. The tissues were then washed several times with ice-cold solution to remove any enzymes. Next, they were incubated in a digestive solution containing 1 mg/ml collagenase, 1 mg/ml bovine serum albumin and 1 mg/ml dithioerythritol for 5-10 min. The tissues were agitated with a fire-polished Pasteur pipette to yield single VSMCs. Cells were grown at 37°C in a 95% O 2 and 5% CO 2 atmosphere in DMEM containing 10% fetal bovine serum, 2%
penicillin (100 U/ml), and 1% L-glutamine. Cells were passaged and cultured in a dish with a glass coverslip on its bottom for 2 days before use. Experiments were performed with cells from passages 5 through 9. There were no morphological changes observed through these passages. followed by a Tukey post-hoc test. P < 0.05 was considered statistically significant.
RESULTS
Relaxant effect of adenosine. The trace in Figure 1A shows that adenosine (0.1-100 µM) caused a concentration-dependent relaxation of PE (1 µM 
Figure 2
Contractile response to SOCE after store depletion. We next investigated whether the Ca 2+ influx via SOCCs is involved in smooth muscle contractions. As shown in 
Figure 3
Role of SOCE in adenosine-induced vasorelaxation. We next investigated whether adenosine-induced relaxation was mediated through SOCE inhibition. 
Figure 4
Effect of adenosine receptors blockade on adenosine-induced SOCE reduction.
Next, we tested which adenosine receptor subtypes were involved in SOCE regulation.
As shown in Figure 5A , in endothelium-denuded rings, the relaxant effect of adenosine (10 μM) on SOCE-induced contraction was markedly inhibited in the presence of the adenosine A 2A receptor antagonist SCH58261 (100 nM). In contrast, neither the adenosine A 2B receptor antagonist alloxazine (1 μM) nor the A 1 receptor antagonist DPCPX (1 μM) altered adenosine-induced relaxant response on SOCE-contracted rings ( Figures 5B, 5C ). The summarized data in Figure 5D indicate that the maximum tensions induced by SOCE were decreased by 74.5 ± 7.2%, 68.9 ± 7.9% and 79.4 ± 6.9% in adenosine (without antagonists), alloxazine-treated, and DPCPX-treated rings, respectively. However, the tension decreased by only 28.4 ± 9.8% in SCH52861-treated rings. As shown in Figure 5E and Figure 5F , the [Ca 2+ ] i response to adenosine during PE-induced SOCE was also markedly inhibited by SCH58261.
Figure 5
Role of cAMP in adenosine-induced SOCE reduction. Based on the previous studies, the cAMP signaling pathway is believed to be involved in adenosine-induced vasodilatation (32). Therefore, we examined whether adenosine regulates SOCE by utilizing the same pathway. As shown in Figure 6A , adenylate cyclase inhibitor SQ22536 (1 μM) markedly inhibited the relaxant effect of adenosine on mesenteric artery rings that were contracted by SOCE. In VSMCs, the inhibitory effect of adenosine against SOCE-induced [Ca 2+ ] i rise was also markedly depressed by SQ22536 ( Figure 6C, 6F) . The cAMP analog 8-Br-cAMP (100 μM) mimicked adenosine responses in mesenteric artery and VSMCs ( Figure 6B, 6D) . The summarized data shown in Figure 6E indicate that SOCE-mediated mesenteric artery maximum contractions were decreased by 74.9 ± 9.6% when treated with adenosine, whereas they were only 21.7 ± 8.3% decreased by adenosine in the presence of SQ22536. Figure 6 
DISCUSSION
This study focused on the role of SOCE in adenosine-induced relaxation of an isolated rat small mesenteric resistance artery. Significant findings were as follows:
One, adenosine produced a concentration-dependent relaxation in PE-contracted artery rings but not in KCl-contracted rings, and removing the endothelium did not affect the relaxant response to adenosine. antagonist SCH58261 and the adenylate cyclase inhibitor SQ22536 markedly depressed adenosine relaxation. To the best of our knowledge, this is the first study to establish that adenosine regulates vascular tone through a SOCE-based mechanism.
The influx of extracellular Ca 2+ through specific Ca 2+ channels plays a pivotal role in vascular smooth muscle contraction. VOCCs, activated by plasma membrane depolarization, were thought to be the major Ca 2+ influx pathway in most VSMCs (5).
In rat small mesenteric arteries, external high K + solution caused sustained contraction due to membrane depolarization, which leads to Ca 2+ influx through VOCCs. We showed that adenosine had a negligible effect on this contraction. Similar observation has been made before in rat renal artery (10 Adenosine A 2A receptors are generally considered the most important subtype, and they account for adenosine-induced vasodilatation; however, A 2B receptors may also play a role in some instances (7, 33) . In this study, the adenosine A 1 receptor antagonist DPCPX did not modify adenosine response in rings contracted by SOCE. signaling when compared with those grown in serum medium (13) . However, it is not clear that whether the in vitro differentiated VSMC are like their in vivo counterpart.
It therefore becomes necessary to verify mechanisms deduced from cultured VSMCs 17 by data obtained from acutely isolated VSMCs or VSMCs in vivo. Considering those electrophysiological changes in cultured VSMCs, isolated artery was used in the present study and much of our understanding regarding SOCE pathway has been based on studies using isolated artery.
In conclusion, the data from this study provide evidence that adenosine potentially caused endothelium-independent relaxation of rat small mesenteric artery by inhibiting SOCE in VSMCs. This inhibition is predominantly mediated by adenosine A 2A receptors and appears to be dependent on cAMP signaling.
Store-operated channels could provide a novel approach to regulating the tone of small resistant arteries. These channels may represent realistic targets for therapeutic intervention in diseases such as hypertension, which involve excessive smooth muscle contraction. . All the summarized data are expressed as means (n = 8 to 30) with error bars representing S.E.M. *P < 0.05 vs. control. Fig. 3 . Contractile response to SOCE after store depletion in isolated artery rings. 
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